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METHOD AND APPARATUS FOR RADIO
LINK MONITORING AND RADIO LINK
FAILURE IN SIDELINK COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority
under 35 U.S.C. 119 to Korean Patent Application No.
10-2019-0008354, filed on Jan. 22, 2019, in the Korean
Intellectual Property Office, the disclosure of which is herein
incorporated by reference in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a mobile communication
system, and relates to a method in which a vehicle terminal,
which supports vehicle communication, performs transmis-
sion or reception of a signal with another vehicle terminal
and a pedestrian portable terminal, using a sidelink, and an
apparatus therefor.

2. Description of Related Art

[0003] In order to meet wireless data traffic demands that
have increased after 4G communication system commer-
cialization, efforts to develop an improved 5G communica-
tion system or a pre-5G communication system have been
made. For this reason, the 5G communication system or the
pre-5G communication system is called a beyond 4G net-
work communication system or a post LTE system. In order
to achieve a high data transmission rate, an implementation
of the 5G communication system in a mmWave band (for
example, 60 GHz band) is being considered. In the 5G
communication system, technologies such as beamforming,
massive MIMO, Full Dimensional MIMO (FD-MIMO),
array antenna, analog beam-forming, and large scale antenna
are being discussed as means to mitigate a propagation path
loss in the mm Wave band and increase a propagation
transmission distance. Further, the 5G communication sys-
tem has developed technologies such as an evolved small
cell, an advanced small cell, a cloud Radio Access Network
(RAN), an ultra-dense network, Device to Device commu-
nication (D2D), a wireless backhaul, a moving network,
cooperative communication, Coordinated Multi-Points
(CoMP), and received interference cancellation to improve
the system network. In addition, the 5G system has devel-
oped Advanced Coding Modulation (ACM) schemes such as
Hybrid FSK and QAM Modulation (FQAM) and Sliding
Window Superposition Coding (SWSC), and advanced
access technologies such as Filter Bank Multi Carrier
(FBMC), Non Orthogonal Multiple Access (NOMA), and
Sparse Code Multiple Access (SCMA).

[0004] Meanwhile, the Internet has been evolved to an
Internet of Things (IoT) network in which distributed com-
ponents such as objects exchange and process information
from a human-oriented connection network in which
humans generate and consume information. An Internet of
Everything (IoE) technology in which a big data processing
technology through a connection with a cloud server or the
like is combined with the IoT technology has emerged. In
order to implement IoT, technical factors such as a sensing
technique, wired/wireless communication, network infra-
structure, service-interface technology, and security technol-
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ogy are required, and research on technologies such as a
sensor network, Machine-to-Machine (M2M) communica-
tion, Machine-Type Communication (MTC), and the like for
connection between objects has recently been conducted. In
an loT environment, through collection and analysis of data
generated in connected objects, an intelligent Internet Tech-
nology (IT) service to create a new value for peoples’ lives
may be provided. The loT may be applied to fields such as
those of a smart home, a smart building, a smart city, a smart
car, a connected car, a smart grid, health care, a smart home
appliance, or high-tech medical services through the con-
vergence of the conventional Information Technology (IT)
and various industries.

[0005] Accordingly, various attempts to apply the 5G
communication to the IoT network are made. For example,
the 5G communication technology, such as a sensor net-
work, machine-to-machine (M2M) communication, and
machine-type communication (MTC), has been imple-
mented by a technique, such as beamforming, MIMO, and
array antennas. The application of a cloud RAN as the big
data processing technology may be an example of conver-
gence of the 5G technology and the IoT technology.
[0006] Study on a vehicle-to-everything (V2X), which
uses a 5G communication system, is being conducted, and it
is expected to provide various services to users by using
V2X.

[0007] The above information is presented as background
information only to assist with an understanding of the
disclosure. No determination has been made, and no asser-
tion is made, as to whether any of the above might be
applicable as prior art with regard to the disclosure.

SUMMARY

[0008] An aspect of the disclosure is to provide a V2X
system, and particularly, is to provide a method and appa-
ratus for performing radio link monitoring (RL.M) and radio
link failure (RLF) in the process in which a vehicle terminal,
which supports V2X, performs transmission or reception of
information with another vehicle terminal and a pedestrian
portable terminal using a sidelink.

[0009] The present disclosure has been made to address
the above-mentioned problems and disadvantages, and to
provide at least the advantages described below.

[0010] In accordance with an aspect of the present disclo-
sure, A method performed by a terminal in a communication
system is provided. The method includes transmitting, to
another terminal, data on a sidelink, determining whether a
radio link failure (RLF) associated with the sidelink is
detected, and in case that the RLF is detected, transmitting,
to a base station, information indicating that the RLF asso-
ciated with the sidelink occurs, wherein the terminal is
connected with the base station.

[0011] In accordance with another aspect of the present
disclosure, A terminal in a communication system is pro-
vided. The terminal includes a transceiver and a controller
configured to transmit, to another terminal via the trans-
ceiver, data on a sidelink, determine whether a radio link
failure (RLF) associated with the sidelink is detected, and in
case that the RLF is detected, transmit, to a base station via
the transceiver, information indicating that the RLF associ-
ated with the sidelink occurs, wherein the terminal is con-
nected with the base station. The disclosure proposes a
method in which a terminal performs radio link monitoring
(RLM) and radio link failure (RLF) in sidelink communi-
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cation. According to the disclosure, sidelink unicast and
groupcast communication may be more reliably supported.

[0012] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document: the terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation; the
term “or,” is inclusive, meaning and/or; the phrases “asso-
ciated with” and “associated therewith,” as well as deriva-
tives thereof, may mean to include, be included within,
interconnect with, contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, or the like; and the term
“controller” means any device, system or part thereof that
controls at least one operation, such a device may be
implemented in hardware, firmware or software, or some
combination of at least two of the same. It should be noted
that the functionality associated with any particular control-
ler may be centralized or distributed, whether locally or
remotely.

[0013] Moreover, various functions described below can
be implemented or supported by one or more computer
programs, each of which is formed from computer readable
program code and embodied in a computer readable
medium. The terms “application” and “program” refer to
one or more computer programs, software components, sets
of instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for
implementation in a suitable computer readable program
code. The phrase “computer readable program code”
includes any type of computer code, including source code,
object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of
being accessed by a computer, such as read only memory
(ROM), random access memory (RAM), a hard disk drive,
a compact disc (CD), a digital video disc (DVD), or any
other type of memory. A “non-transitory” computer readable
medium excludes wired, wireless, optical, or other commu-
nication links that transport transitory electrical or other
signals. A non-transitory computer readable medium
includes media where data can be permanently stored and
media where data can be stored and later overwritten, such
as a rewritable optical disc or an erasable memory device.

[0014] Definitions for certain words and phrases are pro-
vided throughout this patent document, those of ordinary
skill in the art should understand that in many, if not most
instances, such definitions apply to prior, as well as future
uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

[0016] FIG. 1A illustrates a diagram of an example of a
system according to an embodiment;

[0017] FIG. 1B illustrates a diagram of another example of
a system according to an embodiment;

[0018] FIG.2 illustrates a diagram of an example of a V2X
communication method implemented via a sidelink;
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[0019] FIG. 3 illustrates a diagram of a method in which
RLM is performed between a base station and a terminal in
a legacy LTE and an NR system;

[0020] FIG. 4 illustrates a diagram of an example of a
method of performing RLM in an NR V2X system;

[0021] FIG. 5 illustrates a diagram of another example of
a method of performing RLM in an NR V2X system;
[0022] FIG. 6 illustrates a diagram of an example of
indicating whether to transmit an SL. SS/PBCH block
according to a scenario in a V2X communication method
implemented using a sidelink;

[0023] FIG. 7 illustrates a diagram of an example of using
an SL SS/PBCH as an RLM measurement signal, if the SL.
SS/PBCH is transmitted from a terminal which is different
from a terminal that transmit data, in a V2X communication
method implemented using a sidelink;

[0024] FIG. 8 illustrates a block diagram of an internal
structure of a terminal according to an embodiment; and
[0025] FIG. 9 illustrates a block diagram of an internal
structure of a base station according to an embodiment.

DETAILED DESCRIPTION

[0026] FIGS. 1A through 9, discussed below, and the
various embodiments used to describe the principles of the
present disclosure in this patent document are by way of
illustration only and should not be construed in any way to
limit the scope of the disclosure. Those skilled in the art will
understand that the principles of the present disclosure may
be implemented in any suitably arranged system or device.
[0027] Hereinafter, embodiments of the disclosure will be
described in detail with reference to the accompanying
drawings.

[0028] In describing the embodiments, descriptions of
technologies which are already known to those skilled in the
art and are not directly related to the disclosure may be
omitted. Such an omission of unnecessary descriptions is
intended to prevent obscuring of the main idea of the
disclosure and more clearly transfer the main idea.

[0029] For the same reason, in the accompanying draw-
ings, some elements may be exaggerated, omitted, or sche-
matically illustrated. Further, the size of each element does
not entirely reflect the actual size. In the drawings, identical
or corresponding elements are provided with identical ref-
erence numerals.

[0030] The advantages and features of the disclosure and
methods of achieving the same will be apparent by referring
to embodiments of the disclosure as described below in
detail in conjunction with the accompanying drawings.
However, the disclosure is not limited by the embodiments
described below, but may be implemented in various differ-
ent ways. The embodiments are provided to enable the
disclosure to be complemented, and to completely show the
scope of the disclosure to those skilled in the art. The
disclosure is merely defined by the scope of the claims.
Throughout the specification, the same or like reference
numerals designate the same or like elements.

[0031] Here, it will be understood that each block of the
flowchart illustrations, and combinations of blocks in the
flowchart illustrations, can be implemented by computer
program instructions. These computer program instructions
can be provided to a processor of a general purpose com-
puter, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
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puter or other programmable data processing apparatus,
create means for implementing the functions specified in the
flowchart block or blocks. These computer program instruc-
tions may also be stored in a computer usable or computer-
readable memory that can direct a computer or other pro-
grammable data processing apparatus to function in a
particular manner, such that the instructions stored in the
computer usable or computer-readable memory produce an
article of manufacture including instruction means that
implement the function specified in the flowchart block or
blocks. The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series of operational steps to be
performed on the computer or other programmable appara-
tus to produce a computer implemented process such that the
instructions that execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions specified in the flowchart block or blocks.

[0032] And each block of the flowchart illustrations may
represent a module, segment, or portion of code, which
includes one or more executable instructions for implement-
ing the specified logical function(s). It should also be noted
that in some alternative implementations, the functions
noted in the blocks may occur out of the order. For example,
two blocks shown in succession may in fact be executed
substantially concurrently or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved.

[0033] As used herein, the “unit” refers to a software
element or a hardware element, such as a Field Program-
mable Gate Array (FPGA) or an Application Specific Inte-
grated Circuit (ASIC), which performs a predetermined
function. However, the “unit does not always have a mean-
ing limited to software or hardware. The “unit” may be
constructed either to be stored in an addressable storage
medium or to execute one or more processors. Therefore, the
“unit” includes, for example, software elements, object-
oriented software elements, class elements or task elements,
processes, functions, properties, procedures, sub-routines,
segments of a program code, drivers, firmware, micro-codes,
circuits, data, database, data structures, tables, arrays, and
parameters. The elements and functions provided by the
“unit” may be either combined into a smaller number of
elements, “unit” or divided into a larger number of elements,
“unit”. Moreover, the elements and “units” may be imple-
mented to reproduce one or more CPUs within a device or
a security multimedia card. Also, in an embodiment, “ . . .
unit” may include one or more processors.

[0034] The detailed descriptions of the embodiments are
provided mainly with reference to New RAN (NR), which
is radio access network, and a packet core, which is a core
network (a 5G system, a 5G core network, or an NG core:
next generation core), in the 5G mobile communication
standard specified by the 3GPP which is a standard organi-
zation for a mobile communication standard. However, the
subject matter of the disclosure can be slightly modified
without departing from the scoped of the disclosure, and
might be applied to other communication systems having a
similar technical background. The modification and appli-
cation thereof may be determined by those skilled in the art.
[0035] In a 5G system, in order to support automation of
a network, a network data collection and analysis function
(NWDAF) may be defined, which is a network function that
provides a function of analyzing and providing data col-
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lected in a 5G network. The NWDAF may provide, to an
unspecified network function (NF), a result obtained by
collecting/storing/analyzing information from the 5G net-
work, and the analysis result may be independently used by
each NF.

[0036] For ease of description, some of the terms and
names that are defined in the 3rd generation partnership
project long term evolution (3GPP LTE) standard (or stan-
dards of 5G, NR, LTE, or systems similar thereto) may be
used. However, the disclosure is not limited to the terms and
names, and may be equally applied to a system that is based
on another standard.

[0037] Hereinafter, terms for identifying access nodes,
terms that refer to network entities, terms that refer to
messages, terms that refer to interfaces between network
entities, terms for various types of identification informa-
tion, and the like are merely used for ease of description.
Therefore, terms are not limited to the terms used in the
disclosure, and other terms that that refer to subjects having
equivalent technical meanings may be used.

[0038] In order to meet wireless data traffic demands that
have increased after commercialization of the 4G commu-
nication system, efforts to develop an improved 5G com-
munication system (new radio (NR)) are being made. In
order to achieve a high data transmission rate, the 5G
communication system is designed to use resources in an
ultra-high frequency (mmWave) band (e.g., a 28 GHz fre-
quency band). In the 5G communication system, technolo-
gies such as beamforming, massive MIMO, full dimensional
MIMO (FD-MIMO), an array antenna, analog beam-form-
ing, and a large scale antenna are being discussed to mitigate
a propagation path loss in the ultra-high frequency band and
to increase a propagation transmission distance. In addition,
unlike LTE, the 5G communication system supports various
subcarrier spacing, such as 30 kHz, 60 kHz, 120 kHz, and
the like including 15 kHz. A physical control channel is
encoded using polar coding, and a physical data channel is
encoded using low density parity check (LDPC). Further-
more, a cyclic prefix OFDM (CP-OFDM), as well as a DFT
spread OFDM (DFT-S-OFDM), may be used as a waveform
for uplink transmission. LTE supports hybrid ARQ (HARQ)
retransmission performed in units of transport blocks (TBs).
Conversely, a 5G system may additionally support HARQ
retransmission in units of code block groups (CBGs), in
which code blocks (CBs) are bound.

[0039] In the case of vehicle communication, an LTE-
based V2X has been standardized based on a device-to-
device (D2D) communication structure, in 3GPP Rel-14 and
Rel-15. Currently, an effect to develop V2X based on 5G
new radio (NR) is being made. In NR V2X, it is expected to
support unicast communication between terminals, group-
cast (or multicast) communication, and broadcast commu-
nication. Unlike LTE V2X which is for transmission or
reception of basic safety information, which is needed when
a vehicle drives on a road, the NR V2X is to provide an
advanced service such as platooning, advanced driving, an
extended sensor, or remote driving.

[0040] Hereinafter, a sidelink refers to a signal transmis-
sion or reception path between terminals, which may be
interchangeably used with a PC5 interface. Hereinafter, a
base station is a subject that performs resource allocation for
a terminal, and may be a base station that supports both V2X
communication and normal cellular communication or may
be a base station that supports only V2X communication.
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That is, the base station refers to a 5G base station (gNB),
a 4G base station (eNB), or a road site unit (RSU). A
terminal may be a mobile station, and may be a vehicle that
supports vehicular-to-vehicular (V2V) communication, a
vehicle or a pedestrian’s handset (i.e., a smart phone) that
supports vehicular-to-pedestrian (V2P) communication, a
vehicle that supports vehicular-to-network (V2N) commu-
nication, a vehicle that supports vehicular-to-infrastructure
(V21) communication, a radio side unit (RSU) equipped
with a terminal function, an RSU equipped with a base
station function, an RSU equipped with some of a base
station function and some of a terminal function, or the like.
A base station and a terminal may be connected via a Uu
interface.

[0041] In a sidelink of V2X and D2D based on a legacy
LTE system, only broadcast communication is supported,
and radio link monitoring (RLM) and radio link failure
(RLF) functions are not supported. Particularly, RLM is a
function of measuring and monitoring a communication link
quality. According to the result of RLM, a terminal may
report a link quality to a higher layer. Based on the same, the
hither layer may determine whether to maintain the current
communication link or to declare RLF and connect a link
again. In the case of NR V2X, unicast between terminals and
groupcast communication are considered. Accordingly, in
order to secure continuous connection of a communication
link, the RLM and RLF functions may be needed.

[0042] Particularly, if the RLM and RLF functions are not
supported in an advanced scenario, such as platooning,
advanced driving, an extended sensor, remote driving, or the
like which is considered in the NR V2X, continuous con-
nection of the service may not be secured which may badly
affect the performance of the service being provided. For
example, in the case of remote driving, if restoration of a
link via RLM and RLF is not attempted even though a link
quality is poor, safety of a vehicle may not be secured. In
addition, in the case of an existing Uu interface between a
base station and a terminal, the base station transmits a
measurement signal for RLM and the terminal performs
RLM and RLF using the same. In the case of a sidelink of
V2X, which is communication between terminals, a terminal
that performs transmission, as well as a terminal that
receives data, is capable of decreasing power consumption
via RLM and RLM, if a link quality is poor. In the case in
which RLM and RLF are supported in a terminal that
transmits data, if the link quality associated with transmis-
sion is poor, a leader terminal of a group in a service
scenario, such as platooning, may transfer a leader function
to another terminal so as to support more reliable platooning.

[0043] In order to support the above-described scenario,
unlike the legacy LTE V2X technology, the NR V2X may
need to perform RLM and RLF in the process in which a
vehicle terminal performs transmission or reception of infor-
mation with another terminal and a pedestrian portable
terminal, using a side link. However, there is no discussion
thereon. Therefore, the disclosure provides a method of
selecting and configuring a measurement signal for RLM.
Also, there are provided a method in which a terminal
performs RLM using a measurement signal and operates
according to an RLM result, and an apparatus therefor.

[0044] Embodiments are provided to support the above-
described scenario, and are to provide a method and appa-
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ratus for performing RLM and RLF between terminals in a
sidelink environment where unicast and group cast commu-
nication are supported.

First Embodiment

[0045] FIG. 1A illustrates a diagram of an example of a
system according to an embodiment.

[0046] According to FIG. 1A, an in-coverage scenario 100
is an example of the case in which all V2X terminals (UE-1
104 and UE-2 106) are located within a coverage area of a
base station 102.

[0047] In this instance, all V2X terminals 104 and 106
may receive data and control information from the base
station 102 via a downlink (DL), or may transmit data and
control information to the base station via an uplink (UL). In
this instance, the data and control information may be data
and control information for V2X communication. Alterna-
tively, the data and control information may be data and
control information for normal cellular communication.
Also, V2X terminals may transmit or receive data and
control information for V2X communication, via a sidelink
(SL).

[0048] A partial coverage scenario 110 is an example of
the case in which, among V2X terminals, UE-1 114 is
located within a coverage area of a base station 112, and the
UE-2 116 is located outside the coverage area of the base
station 112. An example according to the scenario 110 may
be referred to as an example associated with partial cover-
age.

[0049] The UE-1 114 located within the coverage area of
the base station 112 may receive data and control informa-
tion from the base station 112 via a downlink (DL), or may
transmit data and control information to the base station 112
via an uplink (UL).

[0050] The UE-2 116 which is located outside the cover-
age area of the base station 112 may not be capable of
receiving data and control information from the base station
112 via a downlink, and may not be capable of transmitting
data and control information to the base station 112 via an
uplink.

[0051] The UE-2 116 and UE-1 114 may perform trans-
mission or reception of data and control information for
V2X communication via a sidelink.

[0052] Out-of-coverage 120 is an example of the case in
which all V2X terminals 122 and 124 are located outside a
coverage area of a base station (out-of-coverage).

[0053] Therefore, the UE-1 122 and the UE-2 124 may not
be capable of receiving data and control information from a
base station via a downlink, and may not be capable of
transmitting data and control information to the base station
via an uplink. The UE-1 122 and the UE-2 124 may perform
transmission or reception of data and control information for
V2X communication, via a sidelink.

[0054] FIG. 1B illustrates a diagram of another example of
a system according to an embodiment.

[0055] According to FIG. 1B, an inter-cell V2X commu-
nication scenario 130 is an example of the case of perform-
ing V2X communication between terminals located in dif-
ferent cells. Particularly, it is illustrated that a V2X
transmission terminal and a V2X reception terminal access
(RRC connection state) or camp on (RRC connection
released state, that is, RRC idle state) different base stations,
in the scenario 130. In this instance, UE-1 136 may be a V2X
transmission terminal and UE-2 138 may be a V2X recep-
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tion terminal. Alternatively, the UE-1 136 may be a V2X
reception terminal and the UE-2 138 may be a V2X trans-
mission terminal. The UE-1 136 may receive a V2X-dedi-
cated system information block (SIB) from a base station
132 that the UE-1 136 accesses (or camps on), and the UE-2
138 may receive a V2X-dedicated SIB from another base
station 134 that the UE-2 138 accesses (or camps on). In this
instance, the V2X-dedicated SIB information that the UE-1
136 receives and the V2X-dedicated SIB information that
the UE-2 138 receives may be different from each other.
Therefore, in order to perform V2X communication between
terminals located in different cells, the information may be
unified, or flexible parameter configuration may be sup-
ported via a related parameter configuration method and
apparatus of the disclosure.

[0056] Although FIG. 1 illustrates a V2X system includ-
ing two terminals (UE-1 and UE-2) for ease of description,
the disclosure is not limited thereto. Also, the uplink and the
downlink between a base station and V2X terminals may be
referred to as a Uu interface, and the sidelink between V2X
terminals may be referred to as a PC5 interface. Therefore,
the terms may be interchangeably used in the disclosure.

[0057] FIG. 2 illustrates a diagram of an example of a V2X
communication method implemented via a sidelink.

[0058] According to FIG. 2, as shown in diagram 200, a
Tx terminal (UE-1 202 or UE-2 204) and an Rx terminal
(UE-2 204 or UE-1 202) may perform one-to-one commu-
nication, which may be referred to as unicast communica-
tion.

[0059] As shown in diagram 210, TX terminals and RX
terminals may perform one-to-multiple communication,
which may be referred to as a groupcast or multicast.

[0060] In diagram 210, UE-1, UE-2, and UE-3 are
included in a single group (group A) 212 and perform
groupcast communication. UE-4, UE-5, UE-6, and UE-7 are
included in another group (group B) 214 and perform
groupcast communication. Each terminal performs group-
cast communication within a group which the corresponding
terminal belongs to, and communication between different
groups may not be performed. Although diagram 210 illus-
trates that two groups, the disclosure is not limited thereto.

[0061] Although not illustrated in FIG. 2, V2X terminals
may perform broadcast communication. The broadcast com-
munication refers to the case in which all V2X terminals
receive data and control information that a V2X transmis-
sion terminal transmits via a sidelink. For example, if it is
assumed that a UE-1 is a transmission terminal for broadcast
in diagram 210, the all terminals (UE-2, UE-3, UE-4, UE-5,
UE-6, and UE-7) may receive data and control information
that UE-1 transmits.

[0062] Supporting a process in which a vehicle terminal
transmits data to only a single predetermined node via a
unicast, and a process in which a vehicle terminal transmits
data to multiple predetermined nodes via a groupcast may be
considered in NR V2X, unlike LTE V2X. For example,
unicast and groupcast technologies may be effectively used
when a service scenario, such as platooning, is considered.
Platooning is a technology in which two or more vehicles
connect to a single network, and move by being bounded as
a group. Particularly, unicast communication may be needed
when a leader node in a group configured by platooning
desires to control a predetermined node, and group cast
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communication may be needed when a leader node desires
to control a group including multiple predetermined nodes at
the same time.

[0063] FIG. 3 illustrates a diagram of a method in which
RLM is performed between a base station and a terminal in
a legacy LTE and an NR system.

[0064] For RLM, a terminal 302 may receive, from a base
station 300, a measurement signal as follows in operation
310.

[0065] An LTE terminal may use a cell-specific refer-
ence signal (CRS) as a measurement signal for RLM
[please see TS 36.213 Section 4.2.1]

[0066] An NR terminal may use a synchronization
signal/physical broadcast channel (SS/PBCH) block or
a channel state information reference signal (CSI-RS),
or may use both of them, as a measurement signal for
RLM [please see TS 36.213 Section 5].

[0067] Subsequently, the terminal measures a radio link
quality using the measurement signal in operation 320.
Subsequently, the terminal indicates an out-of-sync state or
an in-sync state to a higher layer using a communication link
quality measurement result in operation 330. Particularly, if
the communication link quality is poorer than a threshold
point Q,,,, the terminal indicates that the link quality is
“out-of-sync” to the higher layer. However, if the commu-
nication link quality is better than a threshold point Q,,,, the
terminal indicates that the link quality is “in-sync” to the
higher layer. The threshold points Q,,,,and Q,,, are defined as
block error rates (BLER) in RAN4 standard [please see TS
36.133 Section 7.11 for an LTE terminal, and please see TS
38.133 Section 8.1 for an NR terminal].

[0068] Based on the result of RLM in operation 330, the
terminal may perform an RLF related operation. If “out-of-
sync” is successively indicated by a lower layer, the higher
layer may operate an RLM-related timer. If “in-sync” is
successfully indicated by the lower layer, an RL.M-related
timer may be suspended. If the timer, which starts operating,
expires, the terminal determines that it is RLF, suspends an
RLM-related timer, and performs two operations as follows.

[0069] The terminal suspends uplink transmission to a
base station.

[0070] Uplink transmission, such as semi-persistent
scheduling (SPS), channel state information includ-
ing a channel quality indicator (CQI), a sounding
reference signal (SRS), a scheduling request (SR), or
the like, may be released.

[0071] A cell selection procedure is performed for res-
toration of a link.

[0072] For more detailed related operations, please see TS
36.331 for an LTE terminal, and please see TS 38.331 for an
NR terminal.

[0073] FIG. 4 illustrates a diagram of an example of a
method of performing RL.M in an NR V2X system. An NR
V2X system may consider the following methods for RLM.

[0074] perform RLM in only a reception end

[0075] perform RLM in a transmission end and a recep-
tion end

[0076] The method of performing RL.M in only the recep-
tion end is illustrated in FIG. 4. FIG. 4 illustrates a trans-
mission end 410 and a reception end 420. Generally, a
transmission end and a reception end may be understood as
a subject of transmitting a signal and a subject of receiving
a signal. In the V2X system, a terminal may be a transmis-
sion end or a reception end. Also, the reception end 420 may
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be a single terminal or may be multiple terminals. In a
scenario such as platooning, the reception end 420 may be
multiple terminals. For RLM, the transmission end transmits
a measurement signal and the reception end receives the
same in operation 430. Subsequently, the reception end
measures a radio link quality using the measurement signal
in operation 440. Subsequently, the reception end indicates
an out-of-sync state or an in-sync state to a higher layer
using a communication link quality measurement result in
operation 450. Here, the terms, “out-of-sync” or “in-sync”
may be replaced with other terms.

[0077] FIG. 5 illustrates a diagram of another example of
a method of performing RLM in an NR V2X system.
[0078] Unlike FIG. 4, FIG. 5 illustrates a method of
performing RLM in a transmission end and a reception end.
FIG. 5 illustrates a transmission end 510 and a reception end
520. Generally, a transmission end and a reception end may
be understood as a subject of transmitting a signal and a
subject of receiving a signal. In the V2X system, a terminal
may be a transmission end or a reception end. Also, the
reception end 520 may be a single terminal or may be
multiple terminals. In a scenario such as platooning, the
reception end 520 may be multiple terminals.

[0079] For RLM, the transmission end transmits a mea-
surement signal and the reception end receives the same in
operation 530. Also, unlike FIG. 4, the reception end may
also transmit a measurement signal to the transmission and,
and the transmission end may receive the same. Therefore,
the reception end may measure a communication link qual-
ity in operation 540, and may indicate an out-of-synch state
or an in-synch state to the higher layer using the measure-
ment in operation 550. Also, the transmission end may
measure a communication link quality in operation 560, and
may indicate an out-of-synch state or an in-synch state to the
higher layer using the measurement in operation 570. Here,
the terms, “out-of-sync” or “in-sync” may be replaced with
other terms.

[0080] The method of performing RLM in an NR V2X
system has been described with reference to FIGS. 4 and 5.
In the NR V2X system, the following signals may be
considered as a measurement signal used for RLM.

[0081] SL SS/PBCH: refers to a sidelink synchroniza-
tion signal block, and the SL. SS/PBCH may include a
sidelink synchronization signal, which includes a side-
link primary synchronization signal (SL. PSS) and a
sidelink secondary synchronization signal (SL. SSS),
and a physical sidelink broadcast channel (PSBCH).

[0082] SL CSI-RS: refers to a channel state information
reference signal (CSR-RS) transmitted in a sidelink.

[0083] SL DMRS: refers to a demodulation reference
signal (DMRS) transmitted in a sidelink.

[0084] SL PTRS: refers to a phase tracking reference
signal (PTRS) transmitted in a sidelink.

[0085] Inthe NR V2X system, a measurement signal used
for RLM is not limited to the above-mentioned candidates.
One or more of the candidate signals may be considered to
be a measurement signal, and selection of a corresponding
measurement signal and configuration information associ-
ated with the measurement signal may be signaled by a radio
resource control (RRC, hereinafter referred to as a Uu-RRC)
configured by a base station or a radio resource control
(RRC, hereinafter referred to as a PC-5 RRC) configured by
a terminal.
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[0086] Also, if a measurement signal used for RLM is
configured to be measured restrictively in a predetermined
slot. A base station or a terminal may configure one or more
sets of slots for measuring a communication link quality for
RLM, and may enable RLM measurement in the configured
sets of slots. When configuring one or more sets of slots for
measuring a communication link quality for RLM, different
sets may include different slots and the slots do not overlap
each other. In this instance, the set of slots for measuring a
communication link quality for RLM may be configured by
the Uu-RRC or a PC5-RRC. A set of slots for measuring a
communication link quality for RLM is configured and a
terminal is enabled to measure RLM in the corresponding
set of slots, so that more accurate RLM measurement may
be provided, which takes into consideration an interference
environment that varies over time in an environment where
interference exists.

[0087] Subsequently, operation of a terminal after RLM is
performed in the NR V2X system is provided.

[0088] If the method of performing RL.M in only a recep-
tion end is applied as illustrated in FIG. 4, a terminal
corresponding to the reception end may perform an RLF
related operation based on the result of RLM. If “out-of-
sync” is successively indicated by a lower layer, a higher
layer of a terminal may operate an RI.M-related timer. If
“in-sync” is successfully indicated by the lower layer, an
RLM-related timer may be suspended. If a timer, which
starts operation, expires, the terminal corresponding to the
reception end may determine that the RLF occurs, may
suspend an RLM-related timer, and may perform one or
more of the following procedures in order to restore a link.

[0089] The terminal corresponding to the reception end
suspends sidelink transmission.

[0090] sidelink transmission to be released may
include one or more of the followings:

[0091] semi-persistent scheduling (SPS), channel state
information (CSI) feedback including a channel quality
indicator (CQI), a HARQ feedback, a sounding reference
signal (SRS), and a scheduling request (SR).

[0092] In order to restore and reestablish a sidelink, the
terminal corresponding to the reception end may per-
form one or more of the following methods:

[0093] The terminal corresponding to the reception
end informs a base station that a corresponding
sidelink is in an RLF state. The operation may
correspond to the case of an in-coverage terminal.

[0094] The terminal corresponding to the reception
end requests a base station to release a corresponding
sidelink. The operation may correspond to the case
of an in-coverage terminal.

[0095] The terminal corresponding to the reception
end attempts to perform SL. SS/PBCH block trans-
mission. The operation may be performed by an
in-coverage terminal and an out-of-coverage termi-
nal.

[0096] Also, the method of performing RLLM in only a
reception end is applied as illustrated in FIG. 4, a terminal
corresponding to a transmission end may not perform pro-
cedures 440 and 450 for RLM, unlike a terminal correspond-
ing to the reception end, but may indirectly recognize a link
quality and may determine an out-of-sync state or an in-sync
state. A detailed method thereof is described with reference
to a second embodiment. As described above, a sidelink of
V2X is communication between terminals. Accordingly, if
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the link quality is poor, a transmission terminal, as well as
a reception terminal that receives data, may reduce the
power consumption via RLM and RLF (since data trans-
mission may be prevented when communication condition is
poor). In the case in which RLM and RLF are supported in
a terminal that transmits data, if the link quality associated
with transmission is poor, a leader terminal of a group in a
service scenario, such as platooning, may transfer a leader
function to another terminal so as to support more reliable
platooning. Therefore, if the terminal corresponding to the
transmission end determines that the sidelink is RLF accord-
ing to a method of the second embodiment, the terminal
corresponding to the transmission end may perform one or
more of the following procedures in order to restore a link.

[0097] The terminal corresponding to the transmission
end may suspend sidelink transmission.

[0098] In this instance, the terminal corresponding to
the transmission end may request a higher layer to
transmit a keep alive message, before suspending
transmission. The keep alive message may be trans-
mitted to a terminal corresponding to a reception end
via a PC5 interface.

[0099] The terminal corresponding to the transmission
end may perform sidelink transmission in a fallback
mode. The fallback mode may be a mode for transmit-
ting data using small-sized scheduling information
(which may correspond to sidelink control information
(SCI) in the disclosure). That is, the transmission end
may transmit scheduling information using an SCI
format having a smaller number of bits than that of an
SCI format which is conventionally used.

[0100] In order to restore and reestablish a sidelink, the
terminal corresponding to the transmission end may
perform one or more of the following methods:
[0101] The terminal corresponding to the transmis-

sion end informs a base station that a corresponding
sidelink is in an RLF state. The operation may
correspond to the case of an in-coverage terminal.

[0102] The terminal corresponding to the transmis-
sion end requests a base station to release a corre-
sponding sidelink. The operation may correspond to
the case of an in-coverage terminal.

[0103] The terminal corresponding to the transmission end
may request change of a leader terminal in the case of
platooning. The operation may be performed together with
or separately from releasing a corresponding sidelink.

[0104] The terminal corresponding to the transmission
end attempts to perform SL SS/PBCH block transmis-
sion. The operation may be performed by an in-cover-
age terminal and an out-of-coverage terminal.

[0105] Ifthe method of performing RL.M in a transmission
end and a reception end is applied as illustrated in FIG. 5, a
terminal corresponding to the reception end may perform an
RLF related operation based on the result of RLM, first. If
“out-of-sync” is successively indicated by a lower layer, a
higher layer may operate an RI.M-related timer. If “in-sync”
is successfully indicated by the lower layer, an RLM-related
timer may be suspended. If a timer, which starts operation,
expires, the terminal corresponding to the reception end may
determine that the RLF occurs, may suspend an RLM-
related timer, and may perform one or more of the following
procedures in order to restore a link.

[0106] The terminal corresponding to the reception end
suspends sidelink transmission.

Jul. 23,2020

[0107] Sidelink transmission to be released may
include one or more of the followings:

[0108] semi-persistent scheduling (SPS), channel state
information (CSI) feedback including a channel quality
indicator (CQI), a HARQ feedback, a sounding reference
signal (SRS), and a scheduling request (SR).

[0109] In order to restore and reestablish a sidelink, the
terminal corresponding to the reception end may per-
form one or more of the following methods:

[0110] The terminal corresponding to the reception
end informs a base station that a corresponding
sidelink is in an RLF state. The operation may
correspond to the case of an in-coverage terminal.

[0111] The terminal corresponding to the reception
end requests a base station to release a corresponding
sidelink. The operation may correspond to the case
of an in-coverage terminal.

[0112] The terminal corresponding to the reception
end attempts to perform SL. SS/PBCH block trans-
mission. The operation may be performed by the
in-coverage terminal and the out-of-coverage termi-
nal.

[0113] Also, since the transmission end also performs
RLM according to FIG. 5, the terminal corresponding to the
transmission end may perform an RLF-related operation
based on the result of RLM. If “out-of-sync™ is successively
indicated by a lower layer, a higher layer may operate an
RLM-related timer. If “in-sync” is successfully indicated by
the lower layer, an RLM-related timer may be suspended. If
a timer, which starts operation, expires, the terminal corre-
sponding to the transmission end may determine that it is
RLF, may suspend an RLM-related timer, and may perform
one or more of the following procedures in order to restore
a link.

[0114] The terminal corresponding to the transmission
end may suspend sidelink transmission.

[0115] In this instance, the terminal corresponding to
the transmission end may request a higher layer to
transmit a keep alive message, before suspending
transmission. The keep alive message may be trans-
mitted to a terminal corresponding to the reception
end via a PCS interface.

[0116] The terminal corresponding to the transmission
end may perform sidelink transmission in a fallback
mode. The fallback mode may be a mode for transmit-
ting data using small-sized scheduling information
(which may correspond to sidelink control information
(SCI) in the disclosure). That is, the transmission end
may transmit scheduling information using an SCI
format having a smaller number of bits than that of an
SCI format which is conventionally used.

[0117] In order to restore and reestablish a sidelink, the
terminal corresponding to the transmission end may
perform one or more of the following methods:
[0118] The terminal corresponding to the transmis-

sion end informs a base station that a corresponding
sidelink is in an RLF state. The operation may
correspond to the case of an in-coverage terminal.

[0119] The terminal corresponding to the transmis-
sion end requests a base station to release a corre-
sponding sidelink. The operation may correspond to
the case of an in-coverage terminal.

[0120] The terminal corresponding to the transmission end
may request change of a leader terminal in the case of
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platooning. The operation may be performed together with
or separately from releasing a corresponding sidelink.

[0121] The terminal corresponding to the transmission
end attempts to perform SL SS/PBCH block transmis-
sion. The operation may be performed by an in-cover-
age terminal and an out-of-coverage terminal.

[0122] Also, if a signaling that requests releasing a link is
introduced for the case in which a terminal desires to
suspend connection of a sidelink irrespective of the result of
RLM and RLF in the NR V2X system, sidelink communi-
cation may be performed more reliably. For example, in a
platooning scenario, when a terminal, which is in platoon-
ing, desires to be out from the platooning, if the terminal
transmits a signaling that request releasing a link to a
terminal in the group, the terminal in the group may receive
the corresponding signaling and may not perform unneces-
sary RLM. In this instance, prompt signaling may be needed
and thus, releasing a link may be requested using 1-bit
information included in the SCI. For example, if one-bit is
set to “1”, a terminal that receives the SCI may understand
that a terminal that transmits the SCI requests releasing a
sidelink. The corresponding signaling is not limited to the
platooning scenario, and may be considered only for unicast
and groupcast communication, as opposed to broadcast
communication. Also, both the terminal corresponding to
the transmission end and the terminal corresponding to the
reception end may transmit a signaling for requesting releas-
ing a link.

[0123] FIG. 6 illustrates a diagram of an example of
indicating whether to transmit an SL. SS/PBCH block
according to a scenario in a V2X communication method
implemented using a sidelink.

[0124] It has been described that a signal, such as an SL
SS/PBCH, an SL CSI-RS, an SL. DMRS, and an SL PTRS,
may be used as a measurement signal for RLM in the NR
V2X system. FIG. 6 illustrates a diagram of the case in
which an SL. SS/PBCH is incapable of being used as a
measurement signal for RLM according to a V2X scenario.

[0125] Diagram 600 illustrates a scenario in which both
terminal 1 and terminal 2 are present in a cell coverage area,
and two terminals access a single base station. In the
scenario, two terminals perform synchronization using a Uu
SS/PBCH transmitted by the base station. Accordingly, if
terminal 1 and terminal 2 perform communication using a
sidelink, an SL. SS/PBCH is not transmitted.

[0126] Diagram 610 illustrates a scenario in which both
terminal 1 and terminal 2 are present in a cell coverage area,
but the terminal 1 and the terminal 2 access different base
stations and the base stations share V2X-related resource
pool information. In the scenario, when the terminal 1 and
terminal 2 perform communication using a sidelink, an SL,
SS/PBCH may or may not be transmitted depending on a
condition. On condition that the terminal 1 and the terminal
2 are respectively synchronized with corresponding base
stations, and the different base stations are synchronized, if
the terminal 1 and the terminal 2 perform communication
using a sidelink, an SL. SS/PBCH is not transmitted.

[0127] Otherwise, the corresponding base station trans-
mits, to the corresponding terminal, an indication indicating
that synchronization needs to be established via V2X system
information. If the terminal 1 and terminal 2 perform com-
munication using a sidelink, an SL. SS/PBCH may be
transmitted.

Jul. 23,2020

[0128] Subsequently, diagram 620 illustrates the case in
which terminal 1 is present in a cell coverage area but
terminal 2 is outside the cell coverage area. In the scenario,
the terminal 1 may transmit an SL. SS/PBCH when the
reference signals received power (RSRP) of the terminal 1
is lower than a threshold point set by the base station. Then,
the terminal 2 may obtain synchronization using an SL
SS/PBCH transmitted by the terminal 1 in the cell coverage
area.

[0129] Diagram 630 illustrates a scenario in which termi-
nal 1 and terminal 2 are outside a cell coverage area. In the
scenario, synchronization may be achieved using an SL
SS/PBCH transmitted by the terminal 1 or the terminal 2.
[0130] As illustrated in FIG. 6, there may be a case in
which an SL. SS/PBCH is incapable of being used as a
measurement signal for RLM depending on a V2X scenario.
That is, in diagrams 600 and 610, if an indication indicating
that synchronization is needed is not transmitted from the
base station to a corresponding terminal, an SL SS/PBCH is
not transmitted. Also, there may be a terminal that is
incapable of transmitting an SL. SS/PBCH due to the capa-
bility of the terminal. Therefore, configuration of an RLM
measurement signal may be considered as follows.

[0131] Alternative 1: In an environment where an SL
SS/PBCH is transmittable, an SL. SS/PBCH is used as
an RLM measurement signal. Otherwise, one or more
of an SL. CSI-RS, an S DMRS, and an SL. PTRS may
be used as an RLM measurement signal.

[0132] As illustrated in FIG. 6, that is, in diagrams
600 and 610, if an indication indicating that syn-
chronization is needed is not transmitted from a base
station to a corresponding terminal, an SL. SS/PBCH
may not be used as an RLM measurement signal.

[0133] Also, for a terminal that is incapable of trans-
mitting an SI, SS/PBCH due to the capability of the
terminal, an SL. SS/PBCH may not be used as an
RLM measurement signal.

[0134] Alternative 2: An SL SS/PBCH and one or more
of an SL. CSI-RS, an S DMRS, and an SL. PTRS may
be used as RLM measurement signals.

[0135] Even in an environment in which an SL
SS/PBCH is transmittable, an SL. CSI-RS, an SL
DMRS, and an SL PTRS, in addition to the SL
SS/PBCH, may be configured as RLM measurement
signals.

[0136] Alternative 3: An SL SS/PBCH is not used as an
RLM measurement signal. One or more of an SL
CSI-RS, an SL DMRS, and an SL PTRS may be used
as RLM measurement signals.

[0137] FIG. 7 illustrates a diagram of an example of using
an SL SS/PBCH as an RLM measurement signal if the SL.
SS/PBCH is transmitted from a terminal which is different
from a terminal that transmits data, in a V2X communication
method implemented using a sidelink.

[0138] According to FIG. 7, terminal 1 710 is a transmis-
sion end that transmits data, and terminal 2 720 is a reception
end that receives data that the terminal 1 710 transmits. As
illustrated in FIG. 7, the terminal 1 710 and terminal 3 730
are present in a cell coverage area 700, but the terminal 2
720 is outside the cell coverage area. In this instance, the
terminal 2 720 may achieve synchronization based on an SL,
SS/PBCH 732 transmitted by the terminal 1 710 or terminal
3 730 which is present in the cell coverage area 700.
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[0139] If only a broadcast communication environment is
taken into consideration, RLM and RLF procedures are not
needed. Accordingly, the terminal 2 720 is synchronized
based on an SL. SS/PBCH 712 or 732 transmitted by the
terminal 1 710 or terminal 3 730, and receives data trans-
mitted by the terminal 1 710. However, in the unicast and
groupcast communication, it is important to secure continu-
ous connection of a service and thus, the RLM and RLF
procedures may be needed. If the terminal 2 720 receives the
SL SS/PBCH block 712 transmitted by the terminal 1 710
and achieves synchronization, the SL. SS/PBCH block 712
may be valid as a measurement signal for RLM. However,
as illustrated in FIG. 7, if the terminal 2 720 receives the SL
SS/PBCH block 732 transmitted by the terminal 3 730,
achieves synchronization, and receives data transmitted by
the terminal 1 710, the SL SS/PBCH block 732 transmitted
by the terminal 3 730 is transmitted via the link between the
terminal 3 730 and the terminal 2 720, and thus, the SL
SS/PBCH block 732 may not be an RLM measurement
signal valid for recognizing a link quality between the
terminal 1 710 and the terminal 2 720.

[0140] Therefore, if an SL. SS/PBCH block is used as a
measurement signal for RLM between a transmission end
and a reception end in a sidelink environment where unicast
and groupcast communication are supported, there may be a
case in which the SL SS/PBCH block is invalid as a
measurement signal for RLM, as illustrated in FIG. 7.
Therefore, as the method of using an SL. SS/PBCH block as
a measurement signal for RLM in the NR V2X system, the
following methods may be considered.

[0141] In the unicast and groupcast communication, a
method of using an SL. SS/PBCH block as a measurement
signal for RLM is as follows.

[0142] Alt-1: allows an SL. SS/PBCH block, which is
invalid for RLM (i.e., an SL SS/PBCH block transmit-
ted via a link which is different from a sidelink, of
which the communication link quality is to be mea-
sured), to be used as a measurement for RLM.

[0143] Alt-2: uses a virtual cell ID for transmission of
an SL SS/PBCH block which is valid for RLM (i.e., an
SL. SS/PBCH block transmitted using a sidelink, of
which the communication link quality is to be mea-
sured).

[0144] Alt-3: groups physical cell IDs (or cell IDs) by
distinguishing broadcast from unicast and groupcast.

[0145] Among the methods, Alt-1 is a method of allowing
an SL. SS/PBCH block, based on which synchronization is
achieved, to be used as a measurement signal for RLM even
though synchronization is achieved using the SL. SS/PBCH
block which is invalid for RLM. In the case of Alt-1, the
unicast and groupcast communication may not need to
introduce an additional method for using an SL. SS/PBCH
block as a measurement signal for RLM, but the accuracy of
RLM may be low, which is a drawback. Alt-2 will be
described in detail with reference to a third embodiment, and
Alt-3 will be described in detail with reference to a fourth
embodiment.

Second Embodiment

[0146] The second embodiment provides a method in
which a terminal corresponding to a transmission end (al-
though not performing a procedure for RLM unlike a
terminal corresponding to a reception end) indirectly recog-
nizes a link quality and determines an out-of-sync state or
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in-sync state, if the method of performing RLLM in only a
reception end is applied as illustrated in FIG. 4. Here, the
terms, “out-of-sync” or “in-sync” may be replaced with
other terms. The terminal corresponding to the transmission
end may need to recognize a link quality using an indirect
method since the terminal corresponding to the transmission
end does not receive a measurement signal for RLM. In this
instance, the following methods may be considered.

[0147] SL HARQ-ACK/NACK
[0148] SL HARQ-NACK
[0149] SL CSI feedback
[0150] In the NR V2X system, it is planned to support

introduction of sidelink HARQ ACK/NACK and channel
state information (CSI) feedback (hereinafter, interchange-
ably used with feedback information) in a sidelink environ-
ment where unicast and groupcast communication are sup-
ported. In the case of HARQ, both a HARQ-ACK and a
HARQ-NACK are supported in the unicast communication
(i.e., both a reception acknowledgement (ACK) and a recep-
tion non-acknowledgement (NACK) are supported). How-
ever, in the groupcast communication, only a HARQ-NACK
is supported due to feedback overhead. In the case of a CSI
feedback, the terminal corresponding to the transmission
end may receive CSI feedback information periodically,
aperiodically, or semi-persistently based on CSI-RS con-
figuration and channel state information report (CSI report)
configuration. Therefore, the terminal corresponding to the
transmission end may use the above-mentioned feedback
information to determine an out-of-sync state or an in-sync
state according to the following procedures.

[0151] The terminal corresponding to the transmission
end defines a threshold point X for determining an
out-of-sync state or an in-sync state.

[0152] The threshold point X indicates the length of a
time duration during which reception does not occur
after the feedback information, such as the above-
described SL HARQ-ACK/NACK, SL HARQ NACK,
or CSI feedback, is received last.

[0153] The value associated with the threshold point X
may be configured via an Uu-RRC or a PC5-RRC.
Alternatively, the value may be defined in the standard.

[0154] If feedback information is not received during
the configured threshold point X, the physical layer of
the terminal corresponding to transmission end may
indicate, to a higher layer, that a link quality is “out-
of-sync”.

[0155] If the link quality is identified as being “out-
of-sync”, the threshold point X may be updated to be
double the previous threshold point value.

[0156] If feedback information is received within the
configured threshold point X, the physical layer of the
terminal corresponding to the transmission end may
indicate that a link quality is “in-sync”.

[0157] If the link quality is identified as being “in-
sync”, the threshold point X may be maintained to be
equal to the previous threshold point value.

[0158] The terminal corresponding to the transmission end
may recognize an “out-of-sync” state or an “in-sync” state
according to the above-described method, and the terminal
may perform an RLF-related operation based on the result.
If “out-of-sync” is successively indicated by a lower layer,
a higher layer of the terminal corresponding to the trans-
mission end may operate an RL.M-related timer. If “in-sync”
is successfully indicated by the lower layer, an RLM-related
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timer may be suspended. If the timer, which starts operation,
expires, the terminal corresponding to the transmission end
may determine that it is an RLF.

Third Embodiment

[0159] The third embodiment describes Alt-2 in detail
among the methods of using an SL. SS/PBCH block as a
measurement signal for RLM in the unicast and groupcast
communication. The embodiment below suggests a method
of'using a virtual cell ID for transmission of an SL. SS/PBCH
block valid for RLM as a method of using an SL. SS/PBCH
block as a measurement signal for RLM. However, the
proposal of the disclosure is not limited to the usage of a
measurement signal for RLM.

[0160] In the third embodiment, a procedure for transmit-
ting an SL. SS/PBCH block valid for RLM using a virtual
cell ID may be performed as follows.

[0161] In the case of transmission of an SL. SS/PBCH
block by a terminal within a cell coverage area, the
terminal may transmit an SL SS/PBCH block generated
using a physical cell ID.

[0162] A terminal that is outside the cell coverage area
searches for a synchronization signal, and if a synchro-
nization signal is retrieved, the terminal performs syn-
chronization using the same.

[0163] After synchronization, if communication per-
formed between the transmission end and the reception
end is unicast and groupcast communication, a terminal
within the cell coverage area may transmit an SL
SS/PBCH block generated using a virtual cell ID, when
transmitting an SI. SS/PBCH block.

[0164] The virtual cell ID is used for unicast and
groupcast. The virtual cell ID may be set to be
different from each other, or may be set to be the
same, for unicast and groupcast.

[0165] If the resource pool (time and frequency
resource regions) for unicast and groupcast is con-
figured separately from the resource pool for broad-
cast, the virtual cell ID may be understood as an ID
corresponding to the resource pool for unicast and
groupcast.

[0166] A terminal outside the cell coverage area may
use an SL. SS/PBCH generated using a virtual cell ID
as a measurement signal for RLM. In this instance, a
terminal related to unicast transmission or reception
may use an SL SS/PBCH as a measurement signal
using a virtual cell ID for unicast. A terminal related to
groupcast transmission or reception may use an SL
SS/PBCH as a measurement signal using a virtual cell
ID for groupcast. Alternatively, a terminal related to
unicast and groupcast transmission or reception may
use an SL. SS/PBCH as a measurement signal using a
virtual cell ID for unicast and groupcast.

[0167] The terminal may reselect an SL. SS/PBCH
generated using a virtual cell ID as a new synchro-
nization source, and may use the same for achieving
synchronization.

[0168] According to the above-described method, an SL
SS/PBCH block may be used as a measurement signal valid
for RLM in the unicast and groupcast communication.
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Fourth Embodiment

[0169] The fourth embodiment describes Alt-3 in detail
among the methods of using an SL. SS/PBCH block as a
measurement signal for RLM in the unicast and groupcast
communication. Although the embodiment suggests a
method of grouping physical cell IDs by distinguishing
broadcast from unicast and groupcast as a method of using
an SL. SS/PBCH block as a measurement signal for RLM,
the proposal of the disclosure is not limited to the usage of
a measurement signal for RLM. In other words, the content
of the disclosure may be a method of designing a synchro-
nization signal for a sidelink. In the NR V2X system, unicast
and groupcast communication, in addition to broadcast
communication, may be supported. Also, as described in
FIG. 7, there may be a case in which an SI. SS/PBCH is
invalid as a measurement signal for RLM in the unicast and
groupcast communication. Therefore, a synchronization sig-
nal needs to be designed to be suitable for a communication
environment.

[0170] Inthe case of an NR system, 1008 physical cell IDs
are present, and the physical cell IDs are divided into four
groups. In this instance, each group may include 252 unique
physical cell IDs. In this instance, physical cell ID N,,,°*”
may be expressed by a formula as given below.

NpPl=4N O+ N, ;@ Equation 1

[0171] In Equation 1, N,,&{0, 1, . . ., 251} and
indicates a physical cell ID group, and N,,?€{0, 1, 2, 3}
and indicates a physical cell ID in a physical cell ID group.
[0172] In this instance, physical sidelink ID N,;** may
have N,,,**€{0, 1, . . ., 1007}, and the IDs may be grouped
into four groups depending on the purpose of usage, as
below.

[0173] Group 1: {0, 1, ..., 251}

[0174] Group 2: {252, 253, ..., 503}

[0175] Group 3: {504, 505, . . ., 755}

[0176] Group 4: {755, 756, ..., 1007}

[0177] The physical sidelink IDs are grouped into four

groups in order to distinguish broadcast from unicast and
groupcast, and also, to identify whether a terminal that
transmits an SS/PBCH block is inside or outside a cell
coverage area. Therefore, the physical cell ID group may be
classified according to the following purposes.

[0178] broadcast, in the case of in-coverage
[0179] wunicast and groupcast, in the case of in-coverage
[0180] broadcast, in the case of out-of-coverage
[0181] wunicast and groupcast, in the case of out-of-
coverage
[0182] For example, grouping as shown below may be

possible. However, the order of grouping may be change-
able.
[0183] Group 1: broadcast, in the case of in-coverage
[0184] Group 2:—unicast and groupcast, in the case of
in-coverage

[0185] Group 3: broadcast, in the case of out-of-cover-
age
[0186] Group 4:—unicast and groupcast, in the case of

out-of-coverage
[0187] According to the above-described method, an SL
SS/PBCH block may be used as a measurement signal valid
for RLM in the unicast and groupcast communication.
[0188] In association with identifying in-coverage and
out-of-coverage, if a cell having a frequency, which is
configured to perform a sidelink operation and satisfies an S
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criterion (which is a criterion for cell selection or cell
reselection), is not detected, the terminal may determine that
the terminal itself is out-of-coverage. TS 36.304 Section
11.4 provides a detailed description thereof.

[0189] Also, whether the terminal is to perform broadcast,
unicast, or groupcast transmission or reception may be
configured via a higher layer signal.

[0190] The devices for implementing the embodiments are
illustrated in FIGS. 8 and 9.

[0191] FIG. 8 illustrates a block diagram of an internal
structure of a terminal according to an embodiment. As
illustrated in FIG. 8, the terminal may include a terminal
receiver 800, a terminal transmitter 804, and a terminal
processor 802. The terminal receiver 800 and the terminal
transmitter 804 are commonly called a transceiver in the
embodiment. The transceiver may perform transmission or
reception of a signal with a base station or another terminal.
The signal may include a synchronization signal, a reference
signal, control information, and data. To this end, the trans-
ceiver includes an RF transmitter that up-converts and
amplifies a frequency of a transmitted signal, an RF receiver
that low-noise amplifies a received signal and down-con-
verts the frequency, and the like. Also, the transceiver
outputs, to the terminal processor 802, a signal received via
a wireless channel, and transmits a signal output from the
terminal processor 802 via a wireless channel. The terminal
processor 802 may control a series of processes such that the
terminal operates according to the above-described embodi-
ments.

[0192] FIG. 9 illustrates a block diagram of an internal
structure of a base station according to an embodiment. As
illustrated in FIG. 9, the base station may include a base
station receiver 901, a base station transmitter 905, and a
base station processor 903. The base station receiver 901 and
the base station transmitter 905 are commonly called a
transceiver in the embodiments. The transceiver may per-
form transmission or reception of a signal with a terminal.
The signal may include a synchronization signal, control
information, and data. To this end, the transceiver includes
an RF transmitter that up-converts and amplifies a frequency
of a transmitted signal, an RF receiver that low-noise
amplifies a received signal and down-converts the fre-
quency, and the like. Also, the transceiver outputs, to the
base station processor 903, a signal received via a wireless
channel, and transmits a signal output from the base station
processor 903 via a wireless channel. The base station
processor 903 may control a series of processes such that the
base station operates according to the above-described
embodiments.

[0193] In the above-described detailed embodiments of
the disclosure, a component included in the disclosure is
expressed in the singular or the plural according to a
presented detailed embodiment. However, the singular form
or plural form is selected for convenience of description
suitable for the presented situation, and various embodi-
ments of the disclosure are not limited to a single element or
multiple elements thereof. Further, either multiple elements
expressed in the description may be configured into a single
element or a single element in the description may be
configured into multiple elements.

[0194] Although the embodiment has been described in
the detailed description of the disclosure, the disclosure may
be modified in various forms without departing from the
scope of the disclosure. Therefore, the scope of the disclo-
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sure should not be defined as being limited to the embodi-
ments, but should be defined by the appended claims and
equivalents thereof.

[0195] Although the present disclosure has been described
with various embodiments, various changes and modifica-
tions may be suggested to one skilled in the art. It is intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.

What is claimed is:

1. A method performed by a terminal in a communication
system, the method comprising:

transmitting, to another terminal, data on a sidelink;

determining whether a radio link failure (RLF) associated

with the sidelink is detected; and

in case that the RLF is detected, transmitting, to a base

station, information indicating that the RLF associated
with the sidelink occurs,

wherein the terminal is connected with the base station.

2. The method of claim 1, wherein the determining
comprises:

determining whether the RLF associated with the sidelink

based on sidelink acknowledgement information
received from the other terminal.

3. The method of claim 2, wherein an out-of-sync state for
the RLF associated with the sidelink is identified in case that
the sidelink acknowledgement information is not received
during a time duration.

4. The method of claim 3, wherein a length of the time
duration is preconfigured or configured by a higher layer
signaling received from the base station.

5. The method of claim 2, wherein an in-sync state for the
RLF associated with the sidelink is identified in case that the
sidelink acknowledgement information is received during
the time duration.

6. The method of claim 3, wherein the time duration starts
a timing of a last reception of the sidelink acknowledgement
information.

7. A terminal in a communication system, the terminal
comprising:

a transceiver;

a controller configured to:

transmit, to another terminal via the transceiver, data on a

sidelink,

determine whether a radio link failure (RLF) associated

with the sidelink is detected, and

in case that the RLF is detected, transmit, to a base station

via the transceiver, information indicating that the RLF
associated with the sidelink occurs,

wherein the terminal is connected with the base station.

8. The terminal of claim 7, wherein the controller is
further configured to determine whether the RLF associated
with the sidelink based on sidelink acknowledgement infor-
mation received from the other terminal.

9. The terminal of claim 8, wherein an out-of-sync state
for the RLF associated with the sidelink is identified in case
that the sidelink acknowledgement information is not
received during a time duration.

10. The terminal of claim 9, wherein a length of the time
duration is preconfigured or configured by a higher layer
signaling received from the base station.
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11. The terminal of claim 8, wherein an in-sync state for
the RLF associated with the sidelink is identified in case that
the sidelink acknowledgement information is received dur-
ing the time duration.

12. The terminal of claim 9, wherein the time duration
starts a timing of a last reception of the sidelink acknowl-
edgement information.
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